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ABSTRACT. 
Crystallization and vapor condensation are considered as processes of sequential entering 
of single atoms/molecules into condensate. The latent heat can be carry away by radiation 
of characteristic frequencies generated in the course of transition. The estimated 
dependences of latent (radiated) energy of boiling on temperature confirm and prove the 
well-known empirical Trouton's rule applicable to many simple substances. It leads to the 
estimation of interrelation of critical parameters of corresponding substances. 
Experimental results of the authors and other researchers concerning crystallization from 
the melt of different substances (alkali halides, sapphire, tellurium, ice, copper) are 
presented, as well as condensation of water vapor, the correspondence to the offered 
model is established. It allows developing of “the spectroscopy of phase transitions”, and 
can lead to control of crystallization process, to crystallization stimulated by the 
characteristic radiation, etc. Formation of clouds in our atmosphere should be 
accompanied by characteristic radiation detectable for meteorological warnings.  
Keywords: Vapor condensation; Crystallization; Characteristic radiation; Residual rays; 
Dipole moments, Trouton’s rule.  
PACS: 05.70.Fh, 68.03.Fg, 12.20.-m, 43.20.Px, 42.65.Lm           
 
1. INTRODUCTION 
In the paper [1] we had briefly considered phase transitions of the first order into more 
ordered states as a set of single atoms/molecules entering into condensate with removing 
of latent heat by the transitive (Ginzburg-Frank) radiation. Here we try to give unwrapped 
theoretical considerations, consider their consequences and analyze experimental data.   
    The initial base for our consideration is such. All peculiarities of phase transitions 
should be definable, in principle, by electromagnetic properties of constituents. So, the 
basic parameter of the first-order phase transition, its molar latent heat Λ(T) should be 
determinable, undoubtedly, via electromagnetic parameters of particles and substances as 
a whole and via extensive parameters, the temperature T, pressure p, etc. In the simplest 
case of particles with zero electromagnetic parameters (atoms of noble gases), the unique 
electromagnetic interactions should arise only via vacuum fluctuations resulting in the 
Casimir forces. In the theory [2] as well as further in [3] it was shown that such approach 
leads to the satisfactory estimation of the latent heat of Helium liquefaction. 
    For particles possessing certain multipole moments, the consideration of phase 
transitions should be carried out with taking into account, at least, their most intensive 
forces. It may be supposed that the removal of liberated latent heat or its greatest part, at 
least, i.e. the energy generated during transition, can be examined as a key to such 
consideration, since the possibilities and channels of the removal processes can indicate on 
changes of constituents' interactions during the transition processes. 
   However, it is apparently tantamount to an implicit assumption that the removal of latent 
heat (bond energy) at transition into more condensed phases should occur via heat 
conductivity, even at constant temperature in the condition of supersaturation, etc. So, 
possible ways of the removal of latent heat are leave out even under the kinetic approach 
to condensation and solidification processes, which describe them as a sequence of 
transitions of separate atoms/molecules through phase borders (e.g. [4]).  
   But the problem is not so simple even logically: heat conductivity depends on a 
difference of temperatures and is executing as a continuous process, but phase transition 
can be a set of discrete processes at the constant temperature. Indeed, let's consider for its 
specification a process of vapor condensation (sublimation) in a rarefied substance where 
heat conductivity is complicated or is in general impossible: e.g. at a fast and 
homogeneous fog formation in an atmosphere or processes of gas condensation in cooling 
planetary clouds. At such non-equilibrium transitions the removal of latent heat by a non-
Planckian radiation is only possible; its spectrum should be determinable by quantum 
numbers of initial and final states and therefore must contain characteristic frequencies.  
   Notice, that the imperative interrelation of the latent heat generated in the phase 
transition of the first kind with optical characteristics of forming phases can be predictable 
at consideration of so called residual rays [5] or dielectric anomalies [6]: the factor of 
reflection aspires to the unity for frequencies corresponding to the latent heat of many 
crystals, more often to the half of its magnitude (cf. [7]). It is necessary to add here that the 
change of symmetry, e.g. at the crystal growth in vapor phase, requires an emission of 
scalar particle, so called Goldstone boson [8] that would be noticeable in the spectra of 
removing latent energy. It can be added also that opposite processes, e.g. melting, can be 
executed without phonons at all, by direct electron-photon interactions [9]. 
   The necessity of investigations of removal problems have been put forward and 
elaborated, in the frame of quantum electrodynamics, in the papers [10, 11] 1).  
   Generalization of such approach requires the microscopic consideration, i.e. the kinetic 
approach to processes of phase transitions based on the examination of electromagnetic 
characteristics of atoms/molecules in both phases. The consideration of elementary 
processes of particles joining with condensate should lead to possibilities of estimations of 
latent heat and to revealing its dependence on temperatures of transition. This problem can 
be complicated, in principle, by clusters formation in a gas phase and their subsequent 
entrance as peculiar particles into a condensed phase; these opportunities are not 
completely examined here. 
   The interrelation of molar latent heats Λb and temperatures of boiling Τb was empirically 
established in 1884 by F. Т. Trouton for many substances (non-polar or weakly-polar) 
under normal atmospheric pressure [12] with an accuracy of the order of 7%:  
 Λb/Τb ~ 21.3 cal/mole K                                                                  (1.1) 
   This rule and several its refined variants represent the base for many physicochemical 
estimations, the history and further refinements of the Trouton's rule are described e.g. in 
[13]. However, till now this rule is substantiated only thermodynamically, but not in the 
frame of microscopic theory, therefore its physical sense and significance remain 
unknown. (The consideration in [10, 7] reveals its physical sense, but in a general form only 
and does not lead to possibilities of its immediate refinements.) 
                                               
1)
. At the discussion of articles [10, 11] A. D. Sakharov noted (1971) that an existence of such emission 
corresponds to common dimension principles: the liberation of latent energy can go sometimes, at least, as a 
volumetric process and therefore can not be limited always by the heat conductivity via the two-dimensional 
surface: the volumetric ways of its releasing, the processes of a non-Planck radiation, must exist as well. 
 
   We shall attempt to consider the process of transition into more ordered state 
microscopically as the conversion, completely or partially, of generated latent heat into the 
electromagnetic transitive radiation [14] (the general theory of transitive radiation in [15]). 
The intensity and spectrum of such phase radiation should depend on multipole moments 
of particles in both substances and on features of dispersions of
 
ε and µ.  
   Note, that in the article [16] the possibility of radiation is estimated for phase transitions 
in solids accompanied by motion of charges from one equilibrium position to another. A 
ferroelectric transition of the first type is an example of these phase transitions. In this 
case, the sample polarization changes from some fixed value to zero during the transition 
and the radiation has to be located in the range of λ
  
~ 1 cm. Such approach can has, as it 
seems, only restricted value and can be applied to certain definite processes. 
    Calculations of intensity of the radiations induced by electromagnetic moments (we 
consider for simplicity the dipole radiation) are carried out in the Section 2 at the 
assumption that phase transition occurs as a one-stage process, without additional 
adsorption phenomena (cf. e.g. [17]), to the arguments given in [1] several thermodynamic 
arguments are here added. However, for further development the representation of phase 
transition in terms of interaction of a condensable particle with its "mirror" reflection in 
medium, i.e. the "recombination" or neutralization of anti-parallel dipoles, is useful 
(Section 3). Such representation reduces the problem to examination of dipole - anti-dipole 
system, i.e. to the QED problem, and allows the estimating of the main peculiarities of 
spectra of this radiation (Section 4).  
    In the Sections 5-7 are consequently considered experimental data related to infra-red 
transparent substances, water and infrared nontransparent substances and their 
comparisons with theoretical predictions are executed. Since we are interested in the 
principal physical consideration, we will restrict the comparison of calculated forms with 
the simplest empirical relation (1.1) only (more complicated and specialized expressions 
can be considered elsewhere). As the spectrum of such non-equilibrium phase radiation is 
non-Planckian, it must be determinable by establishment of new bonds at transition of 
single particles into a new phase. The partial numerical consideration of individual 
substances is not needed since a lot of them satisfy the Trouton’s rule. 
   The results and certain perspectives are summed in the Conclusions.   
 
2. RADIATIVE TRANSITIONS 
   If medium contains particles possessing the electric dipole moment, the phase transition 
of the first kind can be considered as an instantaneous change at the time t = 0 (or in a 
point z =0) of the dielectric susceptibility of substance and also, probably, the value of 
dipole moments and positions of particles: 
ε(t) = ε1θ(−t) + ε2θ(t);  d(t) = d1θ(−t) + d2θ(t),                                     (2.1) 
where θ(t) is the Heaviside step function. (It is accepted, for simplicity, that µ = 1; in more 
general case the impedance Z = (ε/µ)1/2 must be considered.) 
    The intensity of transient radiation can be calculated directly. But these direct 
calculations are not necessary, since they can be simply estimated by the known analogy 
between transient radiations of (nonrelativistic) charge q and dipole d [15]. So, if the 
charge q is entered, under an angle θ and with a velocity v from vacuum into the medium, 
the intensity of transient emission is 
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     After averaging over angles it can be assumed that for the transition from radiation of 
charges to radiation of dipoles such replacement in (2.2) is enough: 
q2 → ¼ (d22 + d12) (ω/v)2  ≈ ½ d2 (ω/v)2.                                                       (2.3) 
    Let's specify the expression (2.2) by substitution the usual magnitude ε(ω) with only 
one, for simplicity, resonant frequency: 
ε(ω) = 1 + ωΡ2/[ω02 − (ω + iΓ)2] ≈ 1 + ωΡ2/2ω0 [(ω0 − ω) − iΓ/2],                       (2.4) 
where ωΡ = (4piNr0c2)1/2  coincides with the plasma frequency, N is the density of 
scatterers, r0 is the classical radius of an electron with the mass of free particle. 
   In view of the subsequent integration  
|ε(ω) − 1|2 = ωΡ4/4ω02 [(ω0 − ω)2 + Γ2/4] → (piωΡ4/2ω02Γ) δ(ω0 − ω).                 (2.5) 
  Integration of (2.2) over angles and frequencies with the help of (2.5) leads to the 
magnitude of energy radiating at the entering of single dipole into condensate:  
WR ≈ ωΡ4d2/6c3Γ = pi(c/Γ) σΤ d2Ν2,                                                                    (2.6) 
where d is the mean value of dipole moments in both substances, σΤ  is the Thompson 
cross-section. The characteristic dependence N2 shows that (2.6) represents the second 
term of decomposition of the complete energy in substance W(N) in terms of particles 
density describing the pair interactions.  
    For indicative numerical estimations can be taken on |d| ∼ 1 D = 10−18 CGSE, density of 
particles of substance N ∼ 3⋅1022 cm−3 and Γ ∼ 108. From here an estimation WR
 
∼ 
5.6⋅10−13 erg/particle or a latent molar heat of transition Λ = NAWR ∼ 33 kJ/mole = 8 
kcal/mole follow under normal temperature and pressure. Such estimations generally 
correspond to the order of magnitudes of observable values and support our assumption 
about possibilities of removing of latent heat by radiation. 
    Let's consider the physical sense and possible interpretations of (2.6). The factor d2/Γ 
can be considered as the imaginary part of polarization of medium: d2/Γ→ h Imα. Hence 
(2.6) can be expressed via the complex susceptibility ε(ω) = 1 + 4piα(ω)N as  
W ≤ ¼hcσΤ Ν Imε(ω0).                                                                       (2.7) 
   Thus, the developed approach predicts presence of peculiarities in spectra of the 
condensed phase connected with emitted frequencies.  
   Let's rewrite (2.6) via durations of elementary processes. So, inasmuch as τγ = 1/Γ can 
be considered as the "duration" of emission process, and the parameters l=1/σΤΝ and 
τ0=l/c can be considered as a length and duration of photons' free path up to interaction 
with other constituents of medium [18], the main expression (2.6) can be rewritten as 
WR ≈ pi(τγ/τ0)WΝ,                                                                          (2.8)  
where WN = d2N is the energy of dipoles interaction. Thus, if τγ < τ0 the energy of bonds 
can be radiated by atom/molecule at its entry into condensate, till reabsorption by another 
center (compare the consideration in [7], the joining of particles may lead to change of 
these parameters including the Dicke “superradiation”, such example is considered in [19]). 
So, this condition can be expressed as the restriction on the magnitude of effective level 
width in the condensate, for which radiative transitions can be possible: 
Γ > Γthr = cσΤΝ.                                                      (2.9)                                                                                
   At substituting of this threshold value in the general expression (2.6), i.e. at assuming 
that τγ = τ0, the value of threshold condensation energy of particles having dipole moment 
follows: 
WRthr ≈ pid2Ν.                                                             (2.10)                                                                                    
     Let's refer to the thermodynamic description. By accepting for polarizability of dense 
substances α∼1/Ν and taking into account that at the same time for the case of orientation 
polarizability α ≈ d2/3κBT, the expression (2.10) can be converted to  
WRthr ≈ 3piκBT,                                                                                   (2.11) 
which is equivalent to the universal expression for molar latent energy of the condensed 
phase formation ∆Ηform = ΝA WRthr consisting from particles with dipole moments: 
∆Ηform/T ≈ 3piRgas = 78.2 J/mol К,                                                        (2.12) 
where Rgas is the universal gas constant. 
   This result proves the universal correlation of energy of the condensed state formation 
for dipole particles and temperatures of transition at T<<Tc. Hence, it ascertains that the 
potential energy of bonds of simple particles at (normal) temperature of phase transition 
into the condensed phase is 2pi times bigger their average kinetic energy. 
   The numerical evaluations of (2.12) practically coincide with the Trouton's rule (1.1) for 
latent energy of vapor condensation: ∆Ηcond/T ≈ 80 J/mole K. Some distinction between 
energies of formation and boiling can be connected to certain simplifying guesses and 
approximations of our estimations and does not belittle the general importance of this 
correlation. 
 
3. RECOMBINATION OF THE COUPLED ANTI-PARALLEL DIPOLES  
    If the particle of condensable gas possesses certain multipole moment, constant or 
virtual, at the approach to a surface it induces the redistribution of charges in medium, 
which is describing as the occurrence of a "mirror" moment (charge dislocation) in its 
near-surface adsorption layer. The arising attraction accelerates the sedimentation of 
condensable particles on the surface of condensate, i.e. their adsorption and/or phase 
transition. 
   Let's consider, as well as above, the condensation of vapor atoms or sufficiently simple 
molecules with the dipole moment d on a flat surface of condensate at constant 
temperature much lower critical and at such pressure that the vapor can be considered as 
an ideal gas. Kinetic energies of particle and of its image are equal to UK = 3/2 κВΤ; the 
energy of interaction of two identical dipoles on distance R, averaged over angles, is equal 
to UR = d2/R3. 
   According to the virial theorem (e.g. [20]) the "temperature" part of potential energy of 
system, potential of which depends on distance as Rn, is UΤ = − (2/n)UK, i.e. in our case 
|UΤ| = 2/3 UK ≡ κВΤ for each dipole. Inasmuch as at entering of such particle into 
condensate its temperature should not vary, i.e. the kinetic energy and corresponding part 
of potential energy should be kept, the liberated energy (the latent heat generated in the 
first-order phase transition of single particle) should be equal 
∆Ub ≡ UR − |UΤ| = d2/R3 − 2κВΤb.                                                      (3.1) 
    In this expression, obviously, dynamic polarizability of atom, retardation and Casimir 
forces are not taken into account. Their role can be more significant at consideration of 
completely neutral particles (atoms of noble gases, molecules СО2, СН4, etc.). It is 
possible to notice that, apparently, just this circumstance essentially lowers their 
temperatures of phase transitions in comparison with atoms/molecules possessing such 
moments (atoms of metals, at which the S-state is basic, e.g. Lithium, can form dimers and 
more complex aggregates with diversified moments in a gas state). 
   Feasibility of the condition (3.1) is determinable, certainly, by an opportunity of 
approximation of substance polarization via only one "mirror" dipole. Hence the 
condensable dipole must be completely outside of condensate, i.e. the distance R in (3.1) 
should exceed the sizes of particle. Therefore this expression can be unfit or too 
complicated for consideration of big molecules.  
   The expression (3.1) can be considered, within the framework of described restrictions, 
as the strict one. In substances with orientation polarizability (e.g. [21]) α ≈ α0 + d2/3κΤ 
and therefore it somewhat specifies (2.11): 
∆Ub/κВΤb = 3(α − α0)/R3 − 2.                                                             (3.2) 
   But in many substances, for which α0 can be neglected, polarizability is inversely 
proportional to the specific spherical volume, in which dipoles are cooperating: α ∼ 
(4/3piR3)−1. Thus, it leads to such form of latent heat per particle: 
∆Ub ≈ (4pi − 2) κВΤb,                                                                           (3.3) 
or, accordingly, for the molar energy of condensation, 
Λb/Τb ∼ 21 cal/mol K,                                                                        (3.4) 
that just corresponds to (1.1), however now such expression can be already cited as the 
theorem. But for such generalization the necessary and sufficient conditions must be 
properly defined. 
   One more checking of usefulness of (3.1) as the general expression can be carried out as 
follows. The latent heat of transition into liquid state must tends to zero at approach to the 
critical temperature and pressure, therefore the general expression (3.1) would be rewritten 
for critical parameters as 
d2/Rc3 = 2κВΤc.                                                                                      (3.5) 
    Let's check up this relation, as an example, for water. As the critical temperature Tc = 
647 K and if the dipole moment keeps its value d = 1.855 D, then Rc = 2.68⋅10−8 cm or the 
critical density must be of the order of ρc = 0.372 g/cm3 at comparison with the 
experimental value ρc(exp) = 0.322 g/cm3. 
   But in general it is possible to assert that in spite of all approximations, including 
constancy of dipole moments, this result seems not unreasonable. It means that the offered 
theory allows the establishing of correspondence of critical parameters, at least, for certain 
substances. Notice that on the other hand, such relation can give possibility for 
investigation of possible changing of the dipole and other moments of molecules with 
changing of extensive parameters and for a certain tentative estimation of such changes. 
   Possible deviations from (3.4) in the scope of conducted discussion are evident. They 
can occur at approaching of temperature to the critical one, for particles of big sizes, with 
change of the dipole moment of particles at transition from one phase into another (usually 
|∆d| << |d|), by virtue of difference of a mirror dipole in dielectrics with the inducement 
dipole (difference is definable by values of dielectric susceptibility of both substances, e.g. 
[22]), in dependence on the form of condensate surface. All these changes, in principle, 
need to be taken into account directly in (3.1). More generally we can not assert that the 
interaction of complex molecules or clusters with condensable surface can be restrictively 
considered via influence of only one single electromagnetic moment.    
    It must be noted that the similar rules for processes of solidification of liquids are 
considerably less definite and practicable. The most simple of them assert that Λm/Τm ≈ 
2.5 ± 0.5 cal/mole К for simple substances, Λm/Τm ≈ 6 ± 1 cal/mole К for inorganic 
molecules and Λm/Τm ≈ 13 ± 3 cal/mole К for organic ones. The consideration of these 
processes through proposed transitive radiation of own and induced momenta requires a 
revealing of "mirror" momenta inside the particles. Therefore their consideration should 
be much more complicated or would have less definite and more restricted heuristic 
significance. On the other hand their consideration is possible on the base of relation 
deducted in [7], the Appendix, via assumptions of frequencies and width of emitting levels 
responsible for phase transitions. 
 
4. FREQUENCIES OF PHASE EMISSION 
   The general expressions, such as (2.6), demonstrate that the generated latent heat can be 
removal by radiation, but they do not determine its spectra. Therefore the peculiarities of 
possible energy emitters must be discussed. It is evident that the removal of energy by 
photons emission requires the existence of suitable levels in both phases, but we do not 
discuss here this quantum requirement. 
    In the general sense, without consideration of details of interactions and in view of 
much distinction of levels and conditions of constituents, there can be such opportunities: 
1. If radiation has one-photon character,  
       
AN/1 Λ=ωh
      or        Λ= /1201λ ;                                           (4.1) 
where Λ is expressed in kJ/mole, and lengths of waves in mcm,
 
NA is the Avogadro 
number. 
2. The n-photon transition with equal frequencies: 
       An nN/Λ=ωh       or        Λ= /120nnλ .                                         (4.2)  
Here n can be connected with the number of formed bonds in condensate, i.e. it can be of 
order of coordination number: n = 1, 2, 3, … . The singularities of spectra of condensate 
media can describe the number of bonds, i.e. their structure for simple substances at least. 
For monatomic substances the two-photon emission in the 1S0 state with unchanging 
symmetry of systems are most probable. 
3. In the case of more complex molecules transitions with quanta of various frequencies is 
possible, e.g. for two-photon case 
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.                        (4.3) 
More complicated combinations of frequencies can be similarly considered. 
4. Dimers and more complicate formations, clusters, can be examined as single particles 
and if bound energies of atoms/molecules in them are small enough, wavelengths of 
radiation for a cluster of M particles will be of the type: 
Λ≈ MM /120)(1λ ,   Λ≈ MnMn /120)(λ                                                    (4.4) 
(Here uncertainties can be connected with differentiation of bonds at formation of little 
clusters). 
5. The more complicated situation with aggregation of M particles and additionally q = 1, 
2, 3, …, m (m is the maximal coordination number) bonds can not be a priori excluded. It 
will mean the emission of (M + q/m) times latent energy: 
)//(120)(
,
mqMnMmn +Λ
≈λ                                                                            (4.5) 
Such expression can be connected with appearing of certain bonds even at a stage of 
cluster formation. 
   The removal of all generated bond energy by one photon (the dipole radiation) seems the 
most simple and just it was assumed in the initial papers [10]. But the consideration in 
preceding section demonstrates that such process can not be the general feature. So, the 
entering of particles with dipole moments may be considered as formation and subsequent 
neutralization of the system of anti-parallel dipoles (the anti-parallelism is marked by 
arrows): 
 ...)0,,(),,(),,( 21 +++→∆−+∆ γγyxAzyxdzyxd ,                                (4.6) 
where through A(x, y, 0) a neutral "formation", which already had emitted the energy of 
transition and had been included in substance, is designated. Notice that the interaction 
between these dipoles takes place in the near field [23], i.e. can be instantaneous [24], the 
transferring of excitations between anti-parallel dipoles in near field was supervised 
experimentally [25].                                     
   This dipoles system has the positive charge parity and therefore can be neutralized, 
without change of symmetry, by emission of two photons, probably of equal frequencies, 
in the 1S0 state with ∆J = 0, i.e. by (4.2) with n = 2. The decay rate of dipoles system with 
emission of two photons, if they are entangled, coincides with the decay rate of single 
dipole and can be very roughly estimated via the usual expression for such radiation: 
3232 /)2()(~/1 λpiωατ hdkaE = .                                                  (4.7) 
    With the characteristic values d ∼ 1 D; λ ∼ 6 mcm for water it leads to 310~ −Eτ sec that 
leads, for example, to drops growth in the vapor phase with the maximal velocity of the 
order from mcm till tens mcm per second. Such estimation seems non-inconsistent.  
   This process is equivalent to the emission of one scalar particle and in an accord to the 
Goldstone theorem can lead to changing of the symmetry of system, e.g. at crystallization 
in the vapor phase. As one example here can be added that the spectrum of water contains 
the lines of order of 6 mcm, two photons of which correspond to the generated latent heat 
at vapor condensation. (Corresponding lines can be determined and shown for many other 
substances [11].) The calculations of their probability, i.e. the determination of processes 
duration, can be carried out by a close analogy with the positronium decay. 
   The two-photon, the very often, removal of energy generated at the first-order phase 
transitions may be explicable by such reasons also. The van der Waals interaction is 
describable in QED by the two-photon exchange [26] and the imaginary part of its matrix 
element is proportional, in the spirit of optical theorem, to probability of emission of two 
photons. Therefore such removal of latent energy corresponds to the van der Waals 
intermolecular bonds. 
 
5. EXPERIMENTAL RESULTS FOR ALKALI HALIDES AND SAPPHIRE (IR-
TRANSPARENT) 
Initially, the investigation of IR emission spectra during crystallization in [27, 28] was 
performed on an apparatus consisting of a resistance furnace, in which a platinum or 
alundum crucible without a lid was placed, and a one-beam IR spectrophotometer with 
remote globar. The standard spectrometer was modified for the recording of the rapid 
processes. The radiation from the melt-crystallizing substance system was directed to the 
spectrophotometer by a metal mirror.  
      Crystallization led to formation of a polycrystalline bar within a period ranging from a 
few tens of seconds to an hour in dependence on the type of cooling. During 
crystallization of some substances (LiF, NaCl, NaBr, NaI, KCl, KBr, KI, PbCl2) the 
recorded curves exhibited not only the thermal radiation, but also additional peaks 
corresponding the wave length λ
 
≈ 2 ÷ 4 mcm. The Fig. 1a from [28] presents a set of five 
consequent spectra in relative units recorded during LiF cooling. The curve of the melt 
temperature change during the experiment is presented on the same figure. The less 
inclined part of the curve corresponds to melt crystallization. We can conclude that the 
appearance of peak precedes the start of crystallization that can be explained by cluster 
formation in the melt. The peak does not disappear immediately after visual completion of 
crystallization. The time taken for its disappearing depends on the rate of crystallization 
and ranges from a few seconds to a period of from two to five minutes. 
   The value of the peak 3 is higher than that of peak 2 in spite of the decreasing system 
temperature and the resultant decrease in the background radiation. The decreasing 
temperature is accompanied by an increase of the crystallization rate, so the intensity of 
characteristic radiation increases with the crystallization rate.  
    In [27] the energy corresponding to the spectrum was found to be higher than latent 
energy of crystallization and this fact was explained by the hypotheses of Jackson and 
Chalmers [29] concerning crystallization. Their model postulates that crystallization is an 
activated process with energy of activation equal to that of self-diffusion or viscous flow. 
   In [28] the experiments were mainly carried out with LiF because of its low 
hygroscopicity (later LiF and KBr were found to be the most acceptable for the 
experiments because of their low melt viscosity). The spectra structures and peak positions 
from [28] shown in Fig.1a are similar to those from [27]. They are rather complicated 
because of lines of adsorption of atmospheric water vapor (3.4 mcm), atmospheric CO2 
(3.95 mcm and 4.35 mcm) and bonded with crystallographic LiF structure OH− groups 
(2.7 mcm). Later, in [28] the parasitic bands were eliminated to allow more precise 
determination of the peak wavelengths. For this, first of all, the experiments were carried 
out in the atmospheres of Ar or N2 . The results are presented in the Fig. 1b. 
   The second step in improving detection of the pure characteristic spectrum consisted of 
using a two-beam spectrometer with compensation of the heat radiation of the crucible and 
salt melt. This allowed to more accurate determination of the peak positions and sometime 
to resolve its fine structures. The resulting LiF peak presented in Fig.2 can be interpreted 
as a superposition of four peaks with λ
 1 = 2.80 mcm; λ 2 = 3.45 mcm; λ 3 = 4.05 mcm; λ 4 = 
4.35 mcm. The position of the last peak exactly corresponds to the latent energy of 
crystallization.  
    In spite of our efforts (including a fast crystallization on a cooled copper substrate), we 
could not resolve the fine structure of crystallization radiation for other investigated alkali 
halides. Only the main peaks corresponding to the latent heats of phase transitions were 
detected. So, in this manner we could relatively easily observe the crystallization radiation 
of low-viscosity melts which are transparent in the near IR region. For more viscous melts, 
such as KCl, it was difficult to observe and even more to separate pure crystallization 
radiations. Probably, a reason of this has been a glass formation during fast solidification. 
 
 
 
                                                  Fig.1a 
 
                                               Fig. 1b. 
 
Fig. 1 (from [28]): a) Open air environment: b) Argon environment: Thermogram (II) and 
radiation spectra (I) of crystallizing LiF: 1 - Spectrum of superheating melt; 2, 3, 4 - 
Spectra of crystallizing melt; 5 – Spectrum of crystallized substance. 
 
 
 
Fig.2 (from [28]). Characteristic radiation spectrum of crystallizing LiF melt. 
     
    In [30], we described our experiments concerning recording of the characteristic spectra  
during sapphire (Al2O3) crystallization from the melt. Sapphire is transparent over a wide 
range of the spectrum from infra-red to ultra-violet [31]. The substance is interesting on 
account of its low entropy of fusion, corresponding to slight structure differences between 
the crystal and the melt, in contrast with semiconductors and alkali halide crystals. We 
measured the emission spectra of solid, liquid, and crystallizing sapphire in the spectral 
region from 0.7 to 2.5 mcm at the temperatures between 2100°C and 1600°C. Heating and 
melting were affected in a vacuum with the aid of a high-frequency apparatus fitted with 
optical windows of fluorite or fused quartz. Other details of apparatus are given in [30]. 
 
 
Fig.3 (from [30]). Radiation spectra of sapphire: Differential spectrum of radiation flare 
(dashed curve). 1. Emission spectrum of cooled sapphire spectrum first heated to the 
temperature less than 2050°C. 2. Emission spectrum of crystallizing melt.   
 
The main result is presented in Fig. 3. From the spectrum of crystallizing melt 2, we 
subtracted the emission spectrum of crystalline sapphire first heated to the temperature 
less than the melting temperature 2050°C. Thus the crystallization of sapphire from the 
melt is accompanied by the appearance of a band of IR radiation (additional to the thermal 
radiation) at the wavelength of 1.1 mcm, corresponding to the heat of fusion of sapphire 
26 kcal/mol. 
    So it must be concluded that the energetic spectrum of LiF contain four bands: λ
 1 = 2.80 
mcm; λ
 2 = 3.45 mcm; λ 3 = 4.05 mcm; λ 4 = 4.35 mcm. With the accuracy 7% the energies 
of the set of peaks correspond to the formula (4.5): Λ - a latent heat of phase transition for 
one particle (n = 1) for LiF is equal 26.4 kJ/mol; m, a coordination number for LiF, is 
equal 6; (M, q) = 0, 1, 2,..m. The λ
 1  corresponds (M, q) = (1,3) ; λ 2 : (M, q) = (1, 2); λ 3 : 
(M, q) =  (1, 1); λ
 4 : (M, q) = (1, 0). 
    Furthermore as in [28] we used more accurate technique with respect to [27] and 
determined more precise band positions for all alkali halides investigated. We now believe 
that our interpretation of the process as described in [27] probably has to be corrected. We 
suggested that the energy of radiation is the latent energy of phase transition plus the 
activation energy. But the majority of particles lose the energy of activation for transition 
of the potential barrier. So, the liberated energy mainly has to be equal to the latent energy 
of phase transition. Nevertheless, we don’t exclude that some particles can liberate the 
energy that is equal to the sum of the latent energy and the additional kinetic energy that is 
the most probable for the excited particles in the gas phase. 
 
6. WATER PHASE TRANSITION 
    Here we present some experiments concerned with the infrared radiation appearance 
during water phase transitions.  
    In [32] an infrared line scan photo camera has been developed that scans an object 
simultaneously with three separate spectral regions and produces an image of the object as 
a color photograph. The three spectral regions are 0.5 ÷1.0 mcm, 3.0 ÷5.5 mcm and 8 ÷ 14 
mcm. Each of the infrared spectral regions is rendered in one of the primary colors: blue, 
green and red respectively. As a result, the color of objects in a picture indicates their 
temperature and also their reflective and emissive properties. The pictures presented in the 
paper allow to conclude that the authors found the infrared sources of the range 8 ÷14 
mcm radiations in the atmosphere that can be concerned neither with temperature radiation 
nor reflective one. These sources were the bottom sides of cumulus clouds with the 
temperature –5ºC and the rising warm air saturated with water vapor. 
    The experiments [33] were carried out in the installation including a vessel with boiling 
water, a cooled glass surface for the vapor condensation, and a sensitive system of the 
infrared radiation recording. There was observed an anomalous increase in the infrared 
radiation intensity from the boundary of glass surface, i.e. from the condensed vapor. The 
intensity was increased with the condensation rate increasing. At the range of 1÷ 4 mcm 
the integral intensity was four times bigger the Plank’s radiation. Two main emission 
bands were seen at 2.10 mcm and 1.54 mcm wavelengths (Fig. 4). The intensity of both 
bands exceeded the background radiation by a factor of ten. Probably, third and forth 
peaks with λ = 2.5 mcm and λ = 3.2 mcm which were not mentioned by the authors can be 
recorded on the curve Fig.4. 
 
Fig.4 (from [31]). Relative intensity of the phase transition luminescence from water; Iw, 
intensity from the boiling water; Ibb, intensity from the black body.  
 
    In [34], at observation of sonaro-luminescence, the author used a spectrometer with a 
thermocouple detector and a Lead Sulphide photometer. The peak of emission with 
wavelength 1.05 mcm was detected. Probably, second peak with λ = 0.9 mcm, which was 
not mentioned by the author, can be recorded on this curve. 
    In our experiments [35] characteristic radiation was recorded during water vapor 
condensation and water crystallization in the closed chamber. The temperature was 
decreased by adiabatic expansion. The radiation was led out from the chamber through the 
Ge window. A system of filters and mirrors cut specially selected infrared ranges. 
Radiation was detected by a bolometer. This technique allowed to confirm that the 
characteristic radiation with a maximum in the range 4 ÷ 8 mcm for the first process and in 
the range of 28 ÷40 mcm for the second process is recorded. The radiation intensity many 
times exceeded the background Plank’s intensity for the same temperature. 
    Now one can refer to infrared Earth’s images from the Space by NASA (March 23, 
2002 [36]): the orbiting GOES 8 satellite's multi-channel imager produces images of upper 
troposphere at the infrared wavelength of 6.7 mcm. Bright regions on it correspond to high 
concentrations of water vapor, while dark spots are relatively dry areas.   
   Let’s discuss these results. If each molecular transition from one phase to another 
produces two photons, the usual magnitudes of latent heat must lead to such values: 1). 
For water condensation (for instance, drop formation from the vapor cloud formation in 
the atmosphere), the main peak must correspond to λ1w= 5.80mcm; 2). For water 
crystallization (water drops freezing at hail formation in the atmosphere) λ2w= 39.24mcm; 
3). For crystallization from vapor phase (snow particle formation) λ3w = 5.06mcm. With 
taking into account the Doppler’s broadening of characteristic radiation, the following 
ranges for λ1w and λ2w  can be estimated: λ1w= (5.2 ÷ 6.4) mcm and λ2w = (34 ÷ 42) mcm.  
    Thus, in [35], the increased intensity of radiation was found in the ranges λ1w and λ2w. 
The experimental results from [32] correspond to λ1w with taking in account of low 
pressure of vapor condensation. In [36] near λ1w range radiation was recorded. 
     In [33] the positions of all from four peaks correspond to emitted energy that exceeds 
the phase transition one. The peaks of radiation on 1.5 mcm, 2.1 mcm and, apparently, on 
2.5 mcm and 3.2 mcm, with taking into account the relation (4.4), can be attributed to 
condensation of water's dimers and higher molecular complexes with n = 2 and m = 4, 3, 
2.  
   Some features of the sonaro-luminescence phenomena [34] can be described via emission 
of latent energy with further multiphoton composition of their frequencies or the peak of 
emission with λ ~ 0.9 mcm and 1.05 mcm correspond (4.4) with m = 6 and 5 consequently 
(water is opaque for lower frequencies).  
 
7. EXPERIMENTAL RESULTS FOR Te, Ge AND METALS (IR 
NONTRANSPARENT) 
A differential technique of radiation recording has been used to study the crystallization of 
Te [37]. Ten grams of tellurium were sealed under a vacuum into a quartz ampoule. A 
similar quartz ampoule was filled with a powder of graphite and metal shaving. Both 
ampoules were inserted into a furnace. The temperature in the ampoules was measured by 
thermocouples. Radiation beams from the ampoule bottoms in the optical range 2 ÷ 4 mcm 
(the transparency window of the system) were collected on two PMT-detectors, the 
difference of electric signals was detected by the oscilloscope. Thus, the detecting system 
allowed recording very fast processes. The crystallization began with an undercooling of 
~100 ºC. A very intensive radiation impulse of 1.5 ms duration was recorded at the very 
beginning of every from 20 crystallizations. 
   The latent energy of Te melt crystallization is 17.5 kJ/mol. For one photon characteristic 
emission, this energy corresponds to λ
 
= 6.8mcm. The radiation recorded in [37] 
corresponds to the second harmonic. The transparency window of the system (2 – 4)mcm 
doesn’t allow observation of  other lower or higher harmonics, if even they exist.  
    In [38] the registration of emission spectra of cooled germanium, previously melted, was 
carried out with a high-speed spectroscopy technique. The crystallization of germanium 
was accompanied by sharp increasing of its radiation in near IR region of a spectrum. The 
most effect was recorded for a high optical quality germanium. There is only indication 
that a radiation of increased intensity corresponds to a near IR range. 
   Luminescence has been recorded while copper and aluminum wires have been exploded 
by a high electric current [39]. A luminescence bands with peak intensity near ~ 1.5 mcm, 
0.85 mcm, 0.80 mcm and 0.70 mcm were recorded for copper wires and near ~ 0.43 mcm 
and 0.36 mcm for aluminum wires. 
   The latent energy of Cu melt crystallization is 13 kJ/mol. For one photon characteristic 
emission, the wavelength would be λ1 = 9.2 mcm. The 1.5 mcm radiation detected in [36] 
corresponds to sixth harmonic. The system of recording used there did not allow detection 
of lower harmonics. At the same time, some non-identified bands 0.70 mcm, 0.80 mcm, 
0.85 mcm could correspond to higher harmonics. We also don’t exclude that condensation 
of the metal vapor after the wire explosion could produce the characteristic radiation. The 
latent energy of Cu vapor condensation is 304 kJ/mol. One of the unidentified bands may 
correspond to the two photon characteristic emission at λ3 = 0.80 mcm. 
   For aluminum wire explosion the situation is more definite: in accordance with (4.2) λ ~ 
0.43 mcm corresponds to the latent heat of condensation Lb = 68 kcal/mole and λ ~ 0.36 
mcm – for sublimation Lsub = 80 kcal/mole  
 
CONCLUSIONS  
Let us enumerate the results and some further perspectives. 
1. Characteristic radiation corresponding to the first order phase transitions in more 
ordered states exists and can remove out the latent energy of transition (its parts at least).  
2. This phenomenon, for the first time, ascertains the internal conformity between the 
thermodynamic and spectroscopic magnitudes. It is describable by electromagnetic 
moments of particles and forming bonds. 
3. The investigated phenomena demonstrate possibilities and perspectives of “the 
spectroscopy of phase transitive radiation”. The significance of such spectroscopic 
researches consists in particular in possibility of spectroscopic analyses of clusters and 
their structure. It can be added that a peculiar contribution into the spectra would be 
introduced by clusters: so the water clusters contain bigger dipole moments [40] and 
therefore their condensation would lead to higher frequencies.   
4. Such investigations can have especial sense, in particular, in astrophysics, where are 
known many objects with big excesses of near and mid-IR radiation (e.g. [11], more recent 
supervision data e.g. in [41]). 
5. The existence of phase radiation allows control of transition processes. New systems of 
crystallization process regulation on the basis of radiation recording can be developed. As 
further perspectives the management of processes of solids formation can be, probably, 
considered. 
6. According to the general principles of quantum theory the presence of described 
spontaneous transitions should lead to an opportunity of stimulation of such transitions, 
for example crystallization, by irradiation of the substance, close to the temperature of 
crystallization, at a resonant frequency corresponding to the particular path of reaction. 
Such opportunities, which until now have not been investigated experimentally, should 
stimulate new effects. For instance, fog formation may be observed as a result of 
atmosphere irradiation by the characteristic radiation. Sometimes, the crystallizing system 
would have to be protected against the characteristic radiation to decrease the probability 
of parasitic nucleation. 
7. A program could also be suggested to use this effect in the study of climate problems. 
Atmospheric radiation is one of the key subjects of the atmospheric sciences, linking the 
fields of chemistry, aerosol and cloud physics, and thermodynamics to global climate and 
climate change. The Atmospheric Radiation Measurement (ARM) Program was created to 
help resolve scientific uncertainties related to global climate change, with a specific focus 
on the crucial role of clouds and their influence on radiative feedback processes in the 
atmosphere. But in spite of the huge scale of the program, including 50 countries, attentive 
analysis of the program shows that it could be improved. A measurement of intensity of 
characteristic radiation accompanying water vapor condensation with clouds formation, as 
well as water drops crystallization with hail and snow clouds formation, could provide 
significant information concerning cloud formation, as well as the energy balance in 
atmosphere. We could also use these radiation measurements to know if there is water in 
the atmosphere of other planets, for instance in the Mars’ atmosphere. 
8.  In [33] the recorded energy could be estimated as 3 – 5% of full phase transition energy. 
The problem of characteristic radiation yield has not been solved yet in the frame of 
offered theory. It is evident that the yield, first of all, depends on the transparency of both 
phases. But here the transparency problem is a very specific one. Indeed, our system 
contains the main level and the exited one. So, it can work as an amplifier for the 
characteristic radiation and, as a result, to be transparent for it. This is the only explanation 
for the detection of the characteristic radiation of phase transitions for water, ice, Te, Al 
and Cu. All these substances are non-transparent for infrared radiation. Practically, 
homogeneity and geometry of the system under consideration have to be very important. 
 
9. As it was mentioned in [42] the IR characteristic radiation corresponding to the 
crystallization heat can ensure crystallization heat removal from the phase-transition 
boundary. It has to be taken into account for Stephan’s problem solutions. 
10. The considered processes of the removal of main part of latent heat do not exclude 
possible partial processes connected with features of different substances and their 
constituents. So at condensation of water molecules there can exist low frequencies (radio) 
emission, energy of which is very small [43]. 
  Let’s briefly notice certain other perspectives  
  The used methods can be applied to investigation of electromagnetic interactions 
between neutral formations and particles that are now intensively researched, e.g. [44]. It 
allows the specification of these relations for different types of substances and different 
external influences (we pay attention, in particular, on specifications of the method of 
mirror charge [45]). Besides, the deduced relations ascertain correlations of certain, at least, 
critical parameters of substances and/or changes of their internal characteristics.  
   The considered picture of phase transitions with the specific non-Planck radiation shows 
the essential distinctions between quantum processes of condensation and evaporation: the 
energy necessary for evaporation can be, basically, collected by thermal fluctuations, etc. 
Hence though these processes thermodynamically are reciprocally related, their 
comparison as reversible ones becomes impossible, and it can explain difficulties of many 
preceding kinetic approaches [4, 5]. 
   It must be noted that the similar radiation (mainly in the infrared region) at processes 
with neutral particles must accompany, apart from known photochemical reactions, some 
other phenomena of physical and chemical adsorption. So, it can be interesting to consider 
on this base, among others, processes of dissolution, since at dissolution of many 
substances the dipole moments of molecules can be distinctly changed: e.g. CH3Cl has dgas 
= 1.86 D and at dissolution in benzyl this moment varies on ∆d ∼ −0.24 D; molecules of 
HCN have, accordingly, dgas = 2.93 D and ∆d ∼ −0.34 D. Therefore processes of their 
dissolution also should be accompanied by generation of the latent heat of dissolution, 
which, under condition of medium transparency, can be converting into a characteristic 
radiation. 
    Here must be noticed that some close effects are described as crystalloluminescence 
(CL). The effects of CL investigated for a long time, are including, apparently, displays of 
several very different phenomena: crystallization including nucleation processes, 
accumulation of transitions energy on the introduced radiative centers, polymorphic 
transformations, chemiluminescence, luminescence with fractures and cracks formation, 
triboluminescence, etc. (e.g. [46]). But they do not include vapor condensation into liquid. 
Such mixture complicates their examination and we try to separate from possible sources 
of radiation such ones that are caused exclusively by phase transitions of the first kind. 
   Let's note, that it is possible to attribute to an investigated class of the phenomena also a 
radio emission, accompanying phase transitions in hydrocarbons [47]. Also such processes 
as formation of the double electric layers, the original "phases" (they can be considered as 
occurrence of system of dipoles) at which such radio emission has been fixed [48] can be 
attributed to analogical processes. 
   As was indicated above, in our experiments with alkali halides and sapphire, the time of 
appearance of the peak does not always coincide with the time at which the crystallization 
process is recorded. If bonds of various strengths in the crystal are broken or formed 
during the phase transition, the phase transition occurs smoothly (sometimes with 
peculiarities) in some temperature interval. This temperature interval can be determined by 
infrared spectroscopy. For instance, this technique was used in [49] for determination of the 
temperature interval of cyclo-hexane phase transition. It was not a crystallization process, 
but it is interesting as another example of radiation accompanying phase transition. A 
cyclo-hexane crystal transformed, at T = 186 K, from a plastic (high-temperature) to an 
anisotropic (low-temperature) modification. The phase transition at this temperature is 
accompanied by radiation of the frequency 55 cm-1. The optical energy emitted by a 
crystal is a part of the electromagnetic component of polariton energy (The polariton 
energy is equal to the energy of a transverse electromagnetic wave with a small admixture 
of the mechanical vibration energy of a dipole). The emission appears at the temperature 
about 190 K, grows to its maximum value at the temperature 186 K and smoothly 
decreases down to the temperature 183 K. 
    The received results cannot be considered, certainly, as the absolutely exact. It is 
enough to note that the Casimir forces are not taken into account. Notice also possible 
complications of the proposed model, connected with consideration of higher moments, 
omitted for simplicity in this paper. However apart from considered processes can be such, 
in which only part of latent heat is immediately converted into radiation emission by one 
act, the process can go in the form of multi-step adsorption (physical and chemical) with 
partial removal of latent heats, i.e. via sequential steps of phase transition. The possibility 
of dimers and more complicated formations of gas particles before condensation would be 
also noticeable in the spectra of phase radiation. On the other hand molecules of a tail of 
the Maxwell distribution can peculate their latent energy via collisions close to condensate 
surface and therefore can be accumulated with emission of lower frequencies for which 
proper levels can exist.  
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